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Past to Present:
Geometric A Novel Materials and Architectures

2003 2005 2007 2009 2011
90 nm 65 nm 45 nm 32 nm 22 nm

Strained Silicon 24 Gen. High-k 2 Gen. Tri-Gate
Strained Silicon Metal Gate High-k
Metal Gate

Limitations of geometric scaling A need for novel
process/architectural solutions

Increased and more varied metrology demands. Driven by
dimensional scaling, new materials, complexity of interactions and
architectural changes, increased process sensitivities
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Future: More Novel Materials and
AFC h |te Ctu reS Metrology Challenges

A Scaled dimensional
A Integrated imaging/chemical
A Unique system properties

CNT/
Graphene

INTEGRATION _ _
Future devices involve

ever increasing and
complex novel
materials/architectures

MOBILITY

Metrology solutions are

ﬁ;l <. ﬁ lacking in this emerging
Lk ‘1\||‘lﬂ|| Qllu’/ diverse technology

UTB soI Fins W;eleots Iandscape
ELECTROSTATIC CONFINEMENT
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Metrology Support Landscape
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Off-line/lab metrology Fab focus due to
focus due to capability in-line/volume/data turns

FAB

A Capability needs are being driven towards manufacturing support
A Volume/data turns/process control are being driven upstream
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Off-line/Lab Metrology




Samples {arb. Units)

Lab Metrology

Scaling and disruptive
technologies drive increased

lab demand:
N Lab Demand and Disruptive Technologies Dimensional metrology
_ TriGate Complexity, multiple analyses

Nanostructured/ultrathin film
characterization/strain

Increased process
sensitivities; lab-based fab
process control

\\~~Time to data Lab support is rapidly
‘~-_’ expanding: research A
S process development A
Technology Node manufacturing

Increased data turn
requirements
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Dimensional Metrology

Acoustic Optical ? 1y
Resolution

SEM and contrast
I I ’ h‘ é limits
| i) I '

/

Multiple
cuts
required

CD-SAXS
Scatterometry

New capabilities to enable critical 3D measurements

As complexity - no. key dimensional parameters -
Scaling driving SEM A TEM, data turn demands also are increasing
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Complexity A Multifaceted Analyses

Example: Where are the dopants in this model system of
fins?

¥ 2D slices of
, 3D As
- distribution
E- 5
&
¥
As P
TEM EDX
Atom Probe
SBAS
3D dataset

2D projection dataset

1.5D dataset on array structure
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Ultrathin Film Stack Composition

45nm Device

Gate stack
metrology critical
‘ ‘ for determining
performance and
reliability metrics

Introduction of HK/MG film stack increased need for accurate/precise
measurement and control of ultrathin film composition and
interactions; including <1nm films and interfaces

Added complexity with 3D structures with 22nm node
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